
T>y^-^ ^^^ORLD INTELLECTUAL PROPERTV ORGANIZ.^^^ 

JrV^X ^^^B International Bureau ^^Hi 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Oassification 5 : 

B32B 31/20, C08J 5/12 
B29C 65/00 



Al 



(11) International Publication Number: WO 90/08651 

(43) International Publication Date: 9 August 1990 (09.08.90) 



(21) International Application Number: PCT/ US 90/005 95 

(22) International Filing Date : 30 January 1990 (30.01.90) 



(30) Priority data: 
305.748 



2 February 1989 (02.02.89) US 



(71) Applicant: CHEMICAL FABRICS CORPORATION 

lUS/US]; Daniel Webster Highway, P.O. Box 1 137, Mer- 
rimack, NH 03054 (US). 

(72) Inventors: EFFENBERGER, John, A. ; 115 Hitching Post 

Lane, Bedford, NH 03102 (US). ENZIEN, Francis, M. ; 
18 Wild Flower Dr., Concord. NH 03301 (US). KEESE, 
Frank, M. ; P.O. Box 258, Shields Road, Cambridge, NY 
12816 (US). KOERBER, Keith, G. ; 39 High Street, 
GofTstown, NH 03045 (US). 



(74) Agent: FILARDI. Edward, V.; White & Case. 1155 Ave- 
nue of the Americas, New York, NY 10036 (US). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), CH (European patent). DE (European pa- 
tent)i DK (European patent), ES (European patent), FR 
(European patent), GB (European patent), IT (European 
patent), JP, KR, LU (European patent), NL (European 
patent). NO, SE (European patent). 



Published 

With imemationa! search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: METHOD OF MAKING LAMINATED PTFE-CONTAINING COMPOSITES AND PRODUCTS THEREOF 



(57) Abstract 

Dispersion polymerized PTFE itself, if provided in an unfused state, is sufficiently capable of aaing as a pressure sensitive 
adhesive to facilitate the formation of an initial mechanical bond between components of a laminate such that it may be subse- 
quently heat treated in a relatively short period of time to produce a well-bonded final laminate. This fact makes it possible to 
prepare a laminate comprising at least one layer conuining PTFE by the steps of : (a) preparing a first dimensionally stable lami- 
nate component having two major surfaces, at least one of said major surfaces having an exposed layer comprising unfused 
PTFE; (b) preparing a second dimensionally stable laminate component having two major surfaces, at least a first of said major 
surfaces being capable of forming an integral bond with the unfused PTFE-containing layer; (c) bringing said first and second 
laminate components together so that the exposed layer comprising unfused PTFE and the surface bondable with the unfused 
PTFE-containing layer are in contact with each other; (d) applying pressure to the combined laminate components at moderate 
temperature to achieve intimate contact and form a mechanical bond between the first and second laminate, components ; (e) in- 
troducing the mechanically bonded laminate to a heating zone under conditions which a void d elamination ; and (0 sintering the 
mechanically bonded laminate components in a heating zone to consolidate the unfused PTFE-containing layer. The mechanical 
bond formed is sufficiently strong that the consolidation can be done in a free-sintering process (no applied pressure). Applica- 
tion of pressure, however, is generally not detrimental to the product. 
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DESCRIPTION 
METHOD OF MAKING LAMINATED PTFE-CONTAINING 
COMPOSITES AND PRODUCTS THEREOF 
BACKGROUND OF THE INVENTION 

The present invention relates to a method of 
making composites which incorporate polytetraf luoroethylene 
(PTFE) and to a method for applying a PTFE coating to 
preformed materials, and to the products of these methods. 

Since its discovery, PTFE has been found to be 
useful in a wide variety of applications including coolcware, 
protective garments, architectural fabrics , circuit boards 
and expansion joints. These materials have been frequently 
made by repeatedly dip coating or spraying a substrate wxth 
a dispersion of PTFE to build up a coating having the 
desired thickness. Dip-coating, however, has inherent limx- 
tations in the types of products that can be made. For 
example, a dip coated product always has an internal sub- 
strate capable of withstanding the high temperature of poly- 
mer fusion and consolidation. This defines a minimum thick- 
ness of any given product, and further may impact upon the 
physical properties of the product. Spray coating has the 
disadvantage of material loss through over-spray. 

Other approaches to the preparation of PTFE-con- 
taining materials have involved the separate formation of 
coating films, in some cases multi-layer coatings, and the 
subsequent application of these coating to a substrate. F 
example, European Patent Publication No. 0159942 describes 
lamination as a method for making f luoropolymer composites; 
U.S. Patent No. 3,136,680 to Hochberg describes a 
PTFE/copper laminate; U.S. Patent No. 4,610,918 to 
Effenberger et al. describes wear resistant f luoropolymer 
composites which may be separately formed as films for sub- 
sequent combination with a substrate; U.S. Patent 4,770,927 
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In a preferred embodiment, both, of th^ laminate 
components will tiave an exposed unfused-PTFE containing 
layer, and these layers wilX be placed in contact to fonu 
the laminate* 

■ BRIEF DESCRIPTION OF THE DRAWINGS 

Fig, 1 shows the laminate components used to pre- 
pare an exemplary composite using the method of the inven- 
tion. 

Fig. 2 shows the laminate components used to pre- 
pare an exemplary composite using the method of the inven- 
tion. 

Fig. 3 shows the laminate components used to pre- 
pare an exemplary composite using the method of the inven- 
tion. 

Fig. 4 shows the laminate components used to pre- 
pare an exemplary composite using the method of the inven- 
tion. 

Fig. 5 shows the laminate components used to pre- 
pare an exemplary composite using the method of the inven- 
20 tion. 

Fig. 6 shows the laminate components used to pre- 
pare an exemplary composite using the method of the inven- 
tion. 

Fig. 7 shows the laminate components- used to pre- 
25 pare an exemplary composite using the method of the inven- 
tion. 

Pig. 8 shows the laniinate components used to pre- 
pare an exemplary composite using the method, of the inven- 
tion. 

9 shows the laminate components used to pre- 
pare an exemplary composite using the method of the inven- 
tion. 
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Fig. 10 is a scheiaatic of an apparatus for use in 
carrying out the method of thet invention. 
DESCRIPTION or THE INVENTION 

The present invention takes advantage of the abil- 
5 -ity of unfused dispersion-polymerized PTFE to act as a 
pressure sensitive adhesive in the formation of PTFE-con- 
taining laminates. The unfused PTFE layer used as an ad- 
hesive may be substantially pure PTFE. The iinfused PTFE may 
also contain substantial amounts (up to about 40% by weight) 

10 of metal, mineral, ceramic or carbonaceous fillers, such as 
talc or graphite. Graphite and other heat conductive 
fillers are particularly useful as they reduce the time 
needed at any given oven temperature to consolidate the 
unfused PTFE layer. The xinfused PTFE layer may also contain 

15 up to about 40% by weight of polymeric modifiers, including 
f luoropolymers, both thermoplastic and elastomeric, such as 
copolymers containing tetraf luoroethylene (TFE) , hexafluoro- 
propylene (HFP) , or perf luoropropyl or perf luoromethyl vinyl 
ether, homo and copolymers containing chlorotrif luoro- 

20 ethylene (CTFE) , homo and copolymers containing vinyl idene 
fluoride (VF2) , homo and copolymers containing vinyl fluor- 
ide (VF) , emd blends thereof. For example, terpolymers of 
VF^, HFP and TFE may be used. Other polymeric additives can 
include hard polymers such as pplyphenylene sulfide (PPS) 

25 and polyetheretherketone described in U.S. Patent 
No. 4,610,918. 

A noteworthy advantage of laminates containing 
both homopolymer and copolymer TFE in the bonding layer when 
made by the method invention is the ability to utilize the 

3 0 higher reactivity of the copolymer in the bonding layer with 
sxirfaces treated by amino sileme or titanate coupling agents 
than the homopolymer. The bonds created between such 
treated surfaces and f luorpolymers , while exceptionally 
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tenacious, are generally imsteODle at elevated temperatures, 
particularly in an oxidative environment. Thus, the very 
short residence time at elevated temperature and substantial 
exclusion of oxygen from the bonding layer accomplished 
5 <iuring the low temperature phase of lamination according to 
the invention method lends itself exceptionally well to the 
malcing of laminates whose adhesion to surfaces such as 
metals, ceramics, and glass is substantially enhanced. Such 
laminates are of particular use in printed circuit, wire and 

10 cable, coolcwcire, and bakeware applications. 

A particular- advantage of laminates in which the 
polymer in the bonding layer consists entirely of PTFE is 
that the fiilly developed bond is capable of use at higher 
temperatures than one consisting entirely of TFE copolymers, 

15 due both to the higher melting point of the homopolymer as 
well as its much greater resistance to flow (higher viscos- 
ity) at any temperature. 

Furthermore, a bonding layer comprising a major 
P°rtior^ high melting homopolymer and a! minor portion of 

2 0 copolymer (s) exhibits useful properties even above the melt- 

ing point of the copolymer constituents due to the much 
greater resistance to flow of the blend. Bond layers com- 
prising copolymer- alone fail rapidly and catastrophically by 
delamination (adhesive failure) when peeled at an elevated 
25 temperature even below the copolymer melting point, whereas 
the bond comprised of a homopolymer and copolymer blend 
fails ultimately by loss of cohesive strength in the bonding 
layer well above the melting point of the copolymer consti- 
tuent (s) . And due to the- much greater resistance to flow, 

3 0 the cohesive failure of the blend occurs at a much slower 

rate than the adhesive failure of the copolymer alone. 

Yet another advantage of the invention method is 
its capability to accommodate tie-layers within a laminate 
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component (such as a multilayer film) to make a well-bonded 
laminate containing polymers of disparate melting points 
and/or melt viscosities through the agency of unfused PTFE 
in a bonding layer. Such laminates include some which could 
5 otherwise be made only resorting to adhesive lamination such 
as in the case of a laminate comprising PVF (TEDLAR®) film 
on at least one of its major surfaces. (See Figure 9 and 
associated text) • 

As used in the specification emd claims of this 

10 application, the term "unfused*' PTFE refers to dispersion 
polymerized PTFE which has not been exposed to sufficient 
heat to cause any significant degree of melting. In the 
case that the unfused layer is formed from substantially 
pure PTFE or PTFE modified with additives that melt at 

15 higher temperatures than PTFE, this means that the PTFE- 
containing layer has not been exposed to temperatures in 
excess of 621 'F, although it is preferred that the PTFE will 
not have been exposed to temperatures in excess of 590 'F. 
Lower maximum temperatures are appropriate in the case of 

20 PTFE modified with other materials such as lower melting 

fluoropolymers or polymers with a glass transition tempera- 
ture below the melting point of PTFE. Some heat exposure 
may, however, be necessary. For example, in the case where 
the unfused PTFE-containing layer is applied from an aqueous 

25 surfactant-containing dispersion the layer should be heated 
to a temperature sufficient to remove substantially all 
(e.g. >95%) of the water and thermally fugitive non-poly- 
meric additives. 

For use in the joining of two laminate components, 

30 one face of either or both of the leuninate components is 

coated with unfused PTFE. This can be accomplished by dip- 
coating the laminate component in an appropriate PTFE-con- 
taining dispersion or by casting a layer of unfused PTFE 
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onto the surface of the laminate component- The total 
thickness of the unfused PTFE is preferably fairly small, so 
that the amoTint of heat required to consolidate the unfused 
PTFE is kept as small as possible- Suitable total thick- 
nesses are from 0.2 to 6.0 mils. It has been found, how- 
ever ^ that all of the PTFE in a coated substrate used in the 
process as a laminating element may be unfused if the 
remainder of the laminate can tolerate the time at tempera- 
ture required to complete fusion. 

After the xinfused PTFE layer or layers are in 
place, the two laminate components are placed in contact 
with one another. Because of the handling involved in this 
step, each of the Ismihate components should be reasonably 
dimensionally stable, i.e. self-supporting without substan- 
15 tial distortion. It will be recognized that materials which 
do not meet the criterion of being self-surpporting when 
used in certain stressful conditions, can nevertheless be 
self-supporting under less stressful conditions. Thus the 
term dimensionally stable must be viewed in the context of a 
20 particular application of the method. Fxirther if a particu- 
lar laminate component would be too thin to meet this cri- 
terion, it can be formed on a carrier which is subsequently 
s'^^ipP^ci from the final composite. The use of such a car- 
rier may also be desirable to improve the queility of the 
outermost sxirface of the product laminate. 

Xn the actual lamination process of the invention, 
the laminate is formed from the laminate components by two 
steps which separate the application of heat at a tempera- 
ture above the melting point of PTFE and the requirement for 
3 0 the application of pressure. In -the first of these steps, 
the laminate components are subjected to pressure at mod- 
erate temperatures to bring the surfaces into intimate con- 
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tact and to form a mechanical bond. This can be effectively 
done using a nip-roll laminator or a calendaring machine. 

Moderate temperature as used in the application 
refers to temperatures substantially below the melting tem- 
5 perature of the unfused PTFE in the bonding layer. Prefer- 
ably, the temperature during the formation of a mechanical 
bond will be -from about room temperature to about 400 °F. 
More preferably, the temperature will be maintained between 
85T and 350*F. 

10 Pressures in the range of from about 25 psi to 

about 3 500 psi are particularly suitable for use in the 
claimed invention. The particular amoxint of pressure 
required to form the mechanical bond between particular 
laminate components will depend on several factors; 

15 including the temperature, the thickness of the combined 

laminate components and the time period over which pressure 
is applied. Lower pressures are needed at higher tempera- 
tures, for thinner laminates, if the topography of the sub- 
strate is minimal, and if exposure time at pressure is 

20 greater. Higher pressure than that which is absolutely 

necessary for bonding may be desirable, however, if a highly 
regular surface is desired in the final product provided 
there is sufficient resin to produce such a surface. Fur- 
ther, the ability to keep the duration of the pressurization 

25 step brief makes the present invention particularly suited 
to a continuous process. In general, a bond cem be formed 
under conditions such that the total time under pressure is 
less than 1 minute, and frequently less than 1 second. For 
economic continuous operation, the preferred time at pres- 

30 sure will be less than about 15 seconds. 

After the mechanical bond is formed, the bonded 
laminate components are sintered, preferably free-sintered, 
to consolidate the unfused PTFE-containing layer. Free- 
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sintering means heating to a temperatxare in excess of the 
melting point of the iinfused PTFE, e.g^ about 641T at 
ambient pressxire for a. period of time sufficient to melt and 
consolidate the unfused PTFE. This step is preferably per- 
formed in an infrared oven to provide maximxam thermal 
efficiency in the heating zones of the oven, although con- 
vectively heated ovens can also be used. 

Because the actual level of adhesion between the 
two substrates in the intermediate laminate (i.e.^ subjected 
to pressure at modest temperature but not yet exposed to 
elevated temperature) is very low, the intermediate laminate 
is fragile and susceptible to delamination due to applica- 
tion of even modest forces capable of causing peel. The 
actual level of adhesion at this intermediate stage of the 
process is' less than 2 - 0 lb/linear inch and frequently not 
much more than 0.2 lb/linear inch. A typical laminate has . 
an adhesion strength of about 0.5 lb/linear inch. For this 
reason/ the handling of the intermediate laminate prior to 
application of the high temperature required to fusfe and 
20 fully develop much higher adhesion is important to the 
desired result of a final laminate characterized by uni- 
formly high adhesion. 

It is believed that the development of such a low 
level of adhesion at the intermediate stage is associated 
with the fact that the forces which develop adhesion at this 
stage are related to the tendency of unfused, dispersion 
polymerized PTFE to fibrillate under applied pressure. 
Since the force of the lamihator or calendar is applied 

normal to the plane of the substrates being joined, minimal 
3 0 lateiral forces are present to fibrillate the PTFE in the 
plane of the substrates being joined. 

While pre-f ibrillation of an unfused sheet of PTFE 
may be used to develop a bondable medium containing PTFE 
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During preparation of various materials using the 
method of the invention, it was noted that blisters could 
form during the free-sintering process, indicative of delam- 
ination. This occxirred on laminates prepared using a nip- 
5 roll laminator in which one roll, made of metal, was at a 
significantly higher temperature than the other roll which 
was made of packed cotton/wool fabric, and then subsequently 
placed in a tower which had both infrared and convection 
l^^ating. In each case, the blistering occurred on the side 
10 which had been in contact with the lower temperature roll. 
It is believed that the blistering occurred due to differ- 
ences in bonding strength between the consolidated PTFE and 
the first laminate component and the consolidated PTFE and 
the second laminate component caused by differences in the 
15 pressure and temperature exposure of the two sides of the 
^a't^^^ial, and that these differences were accentuated by 
thermal shock upon entering the oven. It is therefore 
preferable to use comparable, although not necessarily 
identical, levels of pressure and temperature on the two 
20 sides of the product during formation of the mechanical bond 
to avoid internal gradients in bond strength. Further, it 
is preferable to use an oven with good temperature zone 
control to avoid thermal shocks. 

Figures 1-9 illustrate various materials which can 
25 be made using the process of the invention. These figures 
demonstrate the utility of the invention in joining films to 
coated textiles, films to films and films to metals. it 
should be understood that these figures are exemplary only, 
however, and are not intended to limit the invention. 

l^ooking first to Figure 1, there is shown a 
material suitable for. use as flexible cooking sheets, or for 
cooking conveyor belts. A first laminate component i, 
formed from a layer of unfused PTFE 11 and a layer of 
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sintered PTFE 12, is positioned over a second laminate com- 
ponent 2 formed from a layer of unfused PTFE 21 and a layer 
of woven fiberglass 23 coated with PTFE 22. These layers 
are joined using the process of the invention to form a 
5 composite 3* For use as cooking sheets, the inclusion of 
heat ELbsorbing pigments or fillers in the sintered PTFE 
layer 12 and/or the tinfused PTFE layer 11 will not only 
improve the efficiency of the consolidation step during 
processing, it is also desirable from the stajidpoint of the 
10 properties of the finished product. Such composites may 

also advantageously incorporate wear-resistant polymers such 
as polypheny lene sulfide in the sintered PTFE layer 12 
and/or the unfused PTFE layer 11 to improve the duirability 
of the product. Other wear-resistant materials and com- 
15 posites incorporating them are disclosed in U.S. Patent No. 
4,610,918 which, is incorporated herein by reference. 

Similar products useful in outdoor structural 
applications such as fabric structures, radomes, electro- 
magnetic windows, glazing, and the like may be made from 
20 similar pairs of la min ate components. Lower strength 

versions of this type of fabric find utility as protective 
liners or covers for vessels, pipes and fittings and 
electroiytic cells; as secondary containment vessels; and as 
ponds and ditch liners. In many cases, however, a wider 
25 product may be desired than that which is available using a 
particular coating/casting apparatus. Thus, it is signif- 
icant to note that a number of first laminate components i 
can be overlapped across the width of a substrate 20 as 
shown in Fig. 3 to form a wider product. 

Due to the more perfect, state of consolidation of 
the composite, euid in particular due to the elimination of 
surf ace defects due to a dip-coating process, such laminates 
are characterized by a higher contact angle to water than 
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dip-coated fabrics making them particularly well suited to 
radome applications. Xt has been observed that the contact 
angles can actually increase over time outdoors to values 
approaching those associated with ice-ophobic as well as 
5 hydrophobic behavior. 

Figure 2 depicts a material which incorporates a 
fluoropolymer alloy. Alloys of this type are disclosed in 
U.S. Patent No. 4,770,927, which is incorporated herein by 
reference. Again, the finished product is made by using a 
10 first laminate component 1 formed from a layer of unfused 
PTFE 11 and a layer of sintered PTFE 12. This is laminated 
to a second laminate component 3 formed from a layer of 
unfused PTFE 31, a layer of sintered PTFE 32, a layer of an 
alloy 34 containing, for example, 60% PTFE and 40% 
15 VF2/HFP/TFE copolymer, and a layer of PTFE 35 having a woven 
glass substrate 3 3 embedded therein. The PTFE layer 35 can 
be sintered prior to lamination, or can itself be fused 
during the high temperature consolidation step. A product 
made as described above is highly suitable for use as chem- 
20 ically resistant expansion joints. 

Fig. 4 shows another lighter material which in- 
corporates a fluoropolymer alloy, but which has particular 
utility as a protective garment. Such materials may also be 
used as seals and gaskets. First laminate component 5 is 
25 formed from a layer of unfused PTFE 51 and a layer of a 
melt-bondable adhesive 52 such as perf luoroalJcyl resin 
(PFA) • The second laminate component 6 is formed from a 
layer of unfused PTFE 61, a layer of sintered PTFE 62, a 
fluoropolymer alloy layer 64 and a layer of PTFE 65 having a 
30 flexible woven or spun bonded textile 63 embedded therein. 
Particularly suitable textiles for use in protective gar- 
ments are made from polyaramide fibers. Other materials of 
this type are described in U.S. Patent No, 4,770,927 and 
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U.S. Patent Application Serial No. 06/734,977, whicli is 
incorporated herein by reference^ 

Fig^. 5 shows an alternative approach to making the 
composite of Fig. 4 and emphasizes a further aspect of the 
5 invention, i.e., the ability to provide a high quality 
PTFE-contadLning topcoat. In Fig. 5, the second laminate 
component 6 is the same as it was in Fig. 4. The first 
laminate component 7, however, is now formed from a layer of 
imfused PTFE 71 on a strippable carrier 72, for example an 

10 altiminxm or polyimide carrier. After carrying out the two- 
step lamination process eoid stripping of f the carrier, the 
product is a composite with a top-coat of PTFE. Other suit- 
able carriers are discussed in U.S. Patent Applications 
Serial Nos. 07/265^328 and 07/226,614, both of which are 

15 incorporated herein by reference. An outer layer of melt- 
bondable polymer serving as a thermally weldable adhesive 
can be applied to this composite by coating or casting to 
form the product of Fig. 4. 

Fig. 6 shows a composite in which one side of the 

20 composite is a heat sensitive fabric, such as cotton/poly- 
ester blends or nylon. Such a composite can be made from a 
first laminate component 1 formed from a layer of unf used 
PTFE 11 and a layer of sintered PTFE 12. This is joined to 
a second laminate component 8 formed from a layer of unfused 

25 PTFE 81/ a layer of a fluoropolymer alloy 84 formed from 

PTFE and a thermoplastic terpolymer of HFP, VF^ and TFE (TFB 
7100D,. Hoechst; mp = 155-180-F; polymer density = 1-98), a 
layer of the terpolymer 85 and the heat-sensitive fabric 83. 
Iii joining the two components, heat can be applied from one 

30 side only,, i.e. , the first laminate component side, to mini- 
mize the heat e^qppsxire of the fabric. 

Fig- 7 shows the use of the method of the inven- 
tion in connection with making a coated metal. Here, a 
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first laminate component 9 is formed from an tinfused 
PTFE/FEP alloy layer 91 (>60% PTFE) and a layer of sintered 
PTFE 92. This is bonded to a second laminate component 93 
which is amino-silane treated copper. Such a process could 
5 also be used to prepare PTFE coated metals for use as cook- 
ware or bakeware. 

The method of the invention has been described 
thus far in terms of joining two laminate components 
together. The method can be used for joining three com- 

10 ponents as well. Fig. 8 shows the formation of a laminate 
from three laminate components: first and third laminate 
components 201 and 203 each formed from a layer of unfused 
PTFE 211 and 231 and a layer of sintered PTFE 212 and 232; 
and a second laminate component 2 02 formed from a layer of 

15 PTFE 225 having a supporting textile 223 embedded therein. 
The three components are assembled so that the unfused sur- 
faces of the f i-xst and third components are in contact with 
the two major surfaces of the second component and pressure 
is applied to form a single interim mechanically bonded 

20 laminate which is then free sintered. Alteimatively , the 
interim mechanically bonded laminate could be assembled in 
two steps, by successively joining the first and third com- 
ponents to the second. This latter approach eliminates the 
need to try to keep the three components in alignment during 

25 bonding, and avoids excessive heat exposxire to a part of the 
Jiiaterials, such as would resxilt if three components were 
laminated in two successive steps using simultaneous heat 
and pressure. 

Fig. 9 shows the formation of a three layer com- 
3 0 posite having a central layer of PTFE coated on both sides 
with polyvinylfluoride (PVF; TEDIAR®) which ordinarily can- 
not be bonded to PTFE without using conventional adhesives 
(e.g. epoxies, isocyanates) . The first laminate component 
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300 in this case is a film formed from a layer of sintered . 
PTFE 302 coated on both major surfaces with a blend of un- 
fused PTFE and PVF 301, This is contacted on both sides 
vith a film 303 of po lyvinyl fluoride . These are joined by 
5 the method of the invention. If temperature sensitivity of 
the PVF is a significant factor, polymer alloy tie coat (s) 
with lower melting behavior can be used. For example, suc- 
cessive tie coats of FEP/PVF (fused) . and PTFE (iinfused) or a 
single PTFE/FEp/PVF tie coat (unfused) can aiso be used. A 
10 reverse laminate, i.e., PTFE coated PVF, coiad be used as a 
packaging material . 

The invention will now be further described by way 
of the following nonlimiting examples. 
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Example l 

A standard woven fiberglass fabric (ChemfcQ> style 
7628; weight = 6.O0 oz./sg. yd., thickness = 6.8 mils, 
thread count (W x F) = 44 x 32) was dip coated on one face 
with an agueous PTFE dispersion containing 63.8% by weight 
of total solids, of which 10.6% was talc and 53.2% was PTFE 
20 (prepared from TEFLON* T30B, DuPont) . The preparation had a 
viscosity of 1760 cps (Brookf ield RVT^ #5 spindle, SO rpm, 
24.4"C) . The coating was applied to the fabric in two steps 
as shown in Table 1 to achieve a coated product with a 
finished weight of 9.04 oz./sg, yd. in which the outer por- 
25 tion of the PTFE was unfused. 

A PTFE film was prepared by multilayer dispersion 
casting using TEFLON* T30B. The film was formed in four 
layers as shown in Table 2 and had a total thickness of 1.40 
mils. Of this, the first three layers (1.15 mils) were 
30 sintered above 655 T while the final layer (0.25 mil) was 
dried at 570 which left it in an unsintered condition. 



and the PtV^';"^^^ -a. 

steel roj i "^^ng a i ^""^ e« ^ 

^^^^ -c. .soo *^.!^^ were .Tl "''"'"^'^^^ at a ' 

inches vitji a fcrid^-K iaain^*- 

-^-^ and onto th« ^ ^""^^^i^uted -^^^waift^ ^.^^ 

pressure t>-» ^nch vi,, a«=^oss the * 

"litter tenpe^.^^, °^®*-ation wa., ^ ^'^ inf>. ^^'^ate 



wo 90/08651 



Table 1; P reparation of Coated Fabric For Example i 

sintered pass xinsintered pass 

Web speed (ft/min) 8 4 

Dry Temperature (T) 250 250 

Consolidation Temp. ('F) 680 530 

Composite Weight (oz/sg yd) 7.91 9.04 



Table 2 1 Preparation of PTFE Film for Example 1 

layer 1 layer 2 layer 3 layer 4 

speed (ft/min) is is is 5 

10 drying temp C*F) 250 250 250 250 

consolxdation temp ('F) 700 700 700 570 

thickness (mils) o.50 0.35 o.30 0.25 

Table 3; Physica l Properties of Laminate of Example 1 

Ttr m>,4^w Test Methods 

wSt^S^ ^'^ FED STD 191-5030 

rpoi^fi^ ^v. / , ^^'^ 02. /sg. yd. FED STD 191-5041 

Tensile strength (warp) 119 lb/in FED STD 191-5102 

Tens xle strength (fill) isb lb/in FED STD 191-5102 

o« Trapezoxdal tear (warp) 12 lb FED STD 191-513 6 

2 0 Trapezoidal tear (fill) 17 lb FED STD lll-llli 



Example 2 

A standard woven fiberglass (Chemfab style 1080,. 
weight=1.43 02./sq. yd., thickness = 2.0 mils, thread cou^t 
(W X F) = 60 X 47) was dip coated with a single layer of an 
25 aqueous PTFE dispersion (TEFION* T30B, specific gravity = 
1.45) at a -web speed of 5 ft/min. The dip coated material 
was dried at 280'F and then consolidated at 605*r to provide 
a laminate component coated with unfused PTFE, The coated 
fabric had a final weight of 2.48 oz./sg. yd. 
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A two layer PTFE film was produced by dispersion 
casting using AliGOFLON® D60 obtained from Ausimont as shown 
in Table 4. The initial layer was sintered at a temperature 
above 655 "F, while the second layer was left unsintered. 
5 A laminate was formed from the unfused PTFE-coated 

fiberglass by placing the unfused surface of a piece of the 
PTFE film in contact with each side of the coated fabric. 
The lamination process was performed on a leuninator with one 
heated steel roll (300 T) and one wool/cotton packed roll 

10 (240*F) . The line pressure of the laminator was 750 psig at 
a roll speed of 10 ft. /Jain. The hydraulic cylinders of the 
laminator were 4 inches in diameter and the width of the 
roll face was €0.75 inches with a 3/4 inch nip impression. 
Assuming the pressure was uniformly distributed across the 

15 face of the roll and onto the 20 inch wide laminated 

product, the line pressures translate to 300 PLI and 414 
psig. 

The resulting interim laminate had sufficient 
adhesion between the films and the coated fabric to allow 
20 the material to be free sintered (no applied pressure) in an 
infrared oven. This sintering process was carried out using 
an infrared emitter set at a temperature of 900 'F' at a line 
speed of 6 ft./min. The actual temperature pf the web was 
720*F. . 

25 Physical testing on the final product revealed 

that it was superior to a comparable product (PTFE coated 
glass fabric of siioilar PTFE resin content) , made by dip- 
coating. The comparative data are given in Table 5* The 
laminated product had a uniform blemish- free surface which 

3 0 is believed to contribute to the substantially improved 
dielectric strength which was observed. 
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Table 4; Preparation of PTFE Film tor Example 2 



speed {ft/min> 
drying temp (T) 
baking temp ('F) 
consolidation temp 
thickness (mils) 



CF) 



layer 1 

25 
250 
680 
710 
0.50 



layer 2 
5 

250 
580 

0.3 



Table 5 ; Physical Properties of Laminate of Example 2 



10 



15 



laminate 

Tliiclcness (mil) 3*5 

Weight (o2./sq. yd.) 4.35 

Tensile strength (warp, lb/ in) 102 

Tensile strength ( fill ^ lb/in) 80 

Trapez^oidal tear strength (warp, lb) 6.3 

Trapezoidal tear strength (fill, lb) 4.3 

Dielectric Strength (volts > 4000 



comparative 
(dip coated) 

S.O 
4.88 

100 
85 

5.1- 

3.5 
2500 



20 
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Example 3 

DARLYN® HOC, a commercial woven fiberglass composite 
produced by Chemical Fabrics which contains perfluoroplastic 
(PTFE) and fluoroeiastom^ (VF^/HFP/TFE terpolymer) was 
coated on one of its major sides with PTFE dispersion. It 
was subsequently consolidated at 600T-605*F, below the 
melting point of PTFE but above the temperature retgpiired to 
essentially eliminate surfactants and water from the added 
coating. The added PTFE from this process was 4^7 02/yd^ 
resulting in a total weight of 67.2 oz/yd^ for the coated 
composite/ and provides an unfused PTFE content equivalent 
to an average thicloiess of 2.9 mils on one face of the 
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initial DARLYN*^ 1100. TEFLON® TE-3 313 dispersion was used 
to provide the added PTFE. 

A PTFE film was prepared in a xaxxltilayer casting pro- 
cess so that the last two of the five PTFE layers were un- 
5 fused while the first three were fused. This resulted in a 
film consisting of 2.0 mils of fused PTFE with 0.8 mils of 
unfused PTFE on one of its major faces. AIjGOFIjON® E>-60 PTFE 
dispersion was used to produce this film, the unfused PTFE 
was consolidated at 600 'F. 

10 Finally, a laminate was produced from the iinfused PTFE 

coated composite and the partially fused PTFE film mentioned 
above by bringing together the unfused faces of each at 3072 
psi and 300 "F in a continuous laminator operating at 14 
feet/min. The full force due to a line pressure of 13 00 

15 psig on the laminator rolls was applied to a 20 inch wide 
laminate resulting in sufficient adhesion, due to the con- 
solidation of the unfused PTFE at modest temperature, to 
permit free sintering of the laminate at 680 'F in a con- 
vective heating oven with a sintering zone length of 8 ft. 

2 0 at 4 fpm; i.e., a residence time of only 2.0 minutes at 

sintering temperature. The laminated web Was preheated for 
2.0 minutes at 250 'F to avoid thermal shock to this thick 
(54.3 mil) preformed laminate before it entered the sin- 
tering zone for high temperature consolidation. 
25 The final product, laminated and fully fused, exhibited 

excellent properties suitable for use in high temperature 
corrosive environments. Importantly, this process elimi- 
nates the need for copolymer thermoplastic materials other- 
wise used to produce a film/coated fabric leiminate. Such 

3 0 copolymers are both more costly and offer a lower continuous 

end-use temperature. These latter copolymer derived lami- 
nates are more prone to delamination at temperatures 
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approaching the lower melting point of such copolymers than 
the invention composite. 



Table 6: Properties of Finished Laminate of Example 3 
Weight (02/yd^) 71.4 
ThicJcness (.001") 54.3 



Tensile Strength (lb/ in) 
Warp 1669 
Fill 1168 

Tensile Strength after flexing (lb/in) 
iO Warp 1487 

Fill 1203 

Tear Strength (lb) 
Warp 225 
Fill 243 

15 It is particularly notable that the tensile strength of the 
fill yarns in the laminated composite are essentially un- 
affected upon flexing and that the warp yams retain about 
90% of their tensile strength upon flexing. (Flexfold test 
method. ) . 

Example 4 

A five layered, 2.8 mil PTFE film was prepared using 
ALGOFION* D60 PTFE dispersion from Ausimont to produce a 
multi-layered film by a- casting process. The fused portion 
of the film consisted of three layers of PTFE with an over- 
25 ail thicloiess of 2.Q mils. The remaining two layers con- 

sisted of unsintered PTFE on one face of the film only, with 
an overall thicloiess of 0.8 mil. 
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A series of experdLments were conducted to determine the 
pressure necessary to yield an intermediate laminate (i.e., 
formed at modest temperature) of film to film, having suffi- 
cient mechanical adhesion, for final consolidation under 
5 free sintering conditions. Two 3 ,5" x 4.5" samples of the 
film were placed into a 300 T heated platen press, with the 
unsintered PTFE faces of the film in contact, over a pres- 
sure range of 5-70 psig for 5 seconds. The press platen 
size was 3.5" x 4.5" and had a 3" bore hydraulic cylinder; 
10 thus the actual pressure on the films can be calculated 
using the following formula: 

^= (area hydraulic cylinder) (gauge pressure) ^actual laminate 

area of platen pressure 

The actual pressure and the associated film/film bond 
15 integrities are indicated in Table I. 

It was observed that at a pressure of 55 psig (or 24.7 
psi) the resulting film to film laminate developed suffi- 
cient mechanical adhesion to produce a fully consolidated 
laminate upon a subsequent free sintering operation. The 

2 0 final consolidation was accomplished using a convection oven 

at 720 with a 30 second residence time. 

All five laminates were prepared using the same time 
under any given pressure during lamination, and the same 
time and temperature for final consolidation by free sin- 
25 tering. Each was then evaluated for adhesive strength by 

attempting to separate an unbonded tab from the consolidated 
laminate. The results indicate that at 55 psig (24.7 psi) 
there was excellent film integrity, and at 50 psig (22.4 
psi) there was fair integrity. At lower pressures, 

3 0 film/film integrity was noticeably poorer using only 5 

seconds for the initial low temperature lamination (unsin- 
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tered) , and only 3 0 seconds for tilie final thermal consolida- 
tion (sintered) . At 55 psig the film/film laminate when 
sintered exhibited a tensile strength greater than the yield 
strength of the film, i.e., it contained a cohesively 
5 destructive bond at the film/film interface. 



TABI-E 7 



GaiiCTc* Actual Laminate ^ ^ 

i»auge Bond Integrity After 

Pressure Cpsicr) Pressure ^"^^ (psi) S inter incr at 720 'F 



poor 
poor 



5 2*2 
25 11.2 

50 22.4 fair 

55 .24.7 excellent 

ai.4 excellent 

(1) ■ Lamination conducted at 300 T/S seconds. 

^5 - Example 5 . 

A standard woven fiberglass feibric (CHEMFAB style 116 r 
weight-3.16 oz/yd^, thickness-3 . 8 mils, cotrnt 60 x 58 
(w X f ) was dip-coated in a series of operations to provide 
a coated composite containing PTFE perfluoroplastic and 

20 fluoroelastomeric terpolymer (VH2/HFP/TFE) . This dip-coated 
article was subsecjuently coated on both sides with a dis- 
persion containing 90 weight % PTFE and 10 weight % PFA of 
f luoropiastic solids at a formulation specific gravity of 
1.43* This final coat was dried at 350 'F and baked at 510 "F 

25 so that the PTFE in this topcoat remadLned unfused. The 
total weight of this baked composite was 9.69 oz/yd^ of 
which 0.92 oz/yd^r was the xinf used PTFE sxirface at a thick-. 
ness of 0.3 mils on each face. This constituted what is 
later referred to as laminate component A. 

30 I>aminate component B, was separately formed by a 

multi-layer film casting method so that a seven layer film 
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resulted with an overall thickness of 1.9 mils. The 
central, 5 layered core contained 90 weight % PTFE and lo 
weight % of PFA with regard to its polymeric constituents; 
this central core also contained 8 weight % based on total 
5 solids of inorganic pigments. One of the outer layers (that 
used as the mating face to laminate component A eibove in 
subsequent processing) consisted of 0.4 mils of a blend of 
PTFE (90 weight %) and PFA (10 weight %) which was baHed at 
eibout 550 'F; i.e., below the fusion temperature if PTFE. 

10 The other face of this multi-layer film consisted of 0.2 
mils of PFA in a fully fused state. 

Laminate components A and B above were combined in the 
nip of a calendar (nip impression of 3/4") at 2030 psi and 
175 'F so that the unfused PTFE containing faces of each were 

15 in intimate contact. It was found that this temperature and 
pressure resulted in sufficient adhesion of the intermediate 
laminating elements to each other so ^at it could be passed 
over a 4-1/2" CD roll to change the direction of travel from 
horizontal to vertical without visual evidence of delamina- 

20 tion. The vertically travelling web passed directly into a 
30" length of oven at a line speed of 5.6 fpm so that it 
could be fused at about 675 'F without delamination. Table 8 
defines the time^^ temperature, and pressure conditions of 
this two phase lamination. Properties of the finished, 

25 fully consolidated laminate are shown in Table 9. Inspec- 
tion of the laminate indicated that the peel strength of the 
film from the coated substrate undergoes a sharp transition 
from poorly bonded to strongly bonded at the point of tran- 
sition from unfused PTFE to fused PTFE at the interface. 

3 0 The final composite is noticesODly more supple than an other- 
wise similar composite made by using a copolymer of TFE as a 
melt adhesive. The composite of this excimple was made by an 
i^"line, continuous operation with good efficiency and 
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yielded excellent, product well suited to protective clothing 
and clieiaicallY resistant liner applications - 



Table 8 



Processing Conditions for Iiamination/Thermal Consolida- 
5 tion for Example 5; Two Pliase: Low Temp/High Pressure and 
High Temp/Ambient Pressure (In-Iiine^ Continuous) 

Temperature Pressure Time 

(Psi) CsecondsT 

Phase I : 175-185 2230 Q^ei 

10 Phase II : 675 Ambient 27 

( free-^ s inter ed ) 

Other Processing Conditions ; 



Upper Roll 
Central Roll 
15 Lower Roll 
Line Speed 



polished, chromed steel (185 T) 

cotton/wool packed (175 T) 

polished, chromed steel (300 T) 
5.6 fpm 



^O90A 




Property 

Tens,, "^is , 

fill iKx-.. 



— * 

Burst s*->. ^iSssi-i 
^ strength ^ . 

Psi 

.tr.i,r"°'--' ^^^^^ 

veil dev., ^ ^"itlaliv ^= 
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As indicated in Table 8, the initial modest ad- 
hesion is developed in 0,67 seconds at 223 0 psi and ITS- 
IS OT. The actual level of adhesion developed between the 
laminating elements at this point in the process is about 
5 4-0. 8 lb/ inch. 

This intermediate laminate is then conveyed to a 
lieating zone where the temperature of at least the bonding 
layer is elevated from 175 to 675 T over a total interval 
of about 27 seconds as indicated in Table 8. 

However, during that interval, the peel adhesion 
increases in discernible steps indicative of their nature 
and, by deductive reasoning ,^ of the temperature associated 
with them. The adhesion level remains constant far a brief 
interval as the temperature of the bonding layer rises ^ It 

15 then rises steadily to about 1.8 lb/inch over an interval of 
a few seconds. Because such a rise is not observed in the 
absence of the PFA copolymer in the bonding layer comprising 
iinfused PTFE, it is reasonable to conclude that the physical 
event associated with this rise is attributable to the melt- 

20 ing of PFA at about 575-590 'F and subseguent flow as the 

temperature of the bonding layer increases further to that 
at which melting of the unfused PTFE occurs C^41'F) . It 
should be noted that PFA is not essential to the development 
of the much higher adhesion which is developed once the PTFE 

25 melts and sinters. 

In the absence of PFA in the bonding layer, it is 
regularly observed that a very small increase in adhesion : 
level occurs, amounting to about 0.5 lb/in, achieving a 
brief plateau in adhesion for an interval of about 0.45 
30 seconds. This is believed to be associated with the melting 
of the PTFE itself in the bonding layer at 641 •F since it is 
followed immediately by a sharp rise in adhesion to about 
4-5 lb/inch, the well developed final level of adhesion of 
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1:he ent:ire coat.ing t:o "the fiberglass reinforcement: in -the 
substrate. This latter event occurs in about 1,3 second 
representing the elimination of interparticulate voids as 
the melted PTFE sinters* 
5 It is clear from this description that the most 

critical thermal events responsible for successful lamina- 
tion, melting and sintering of the initially unfused PTFE 
occur in the very short interval of less than two seconds 
between 641 "F and 675 'F. It is equally clear that the 

10 development of sufficient initial adhesion at modest temper- 
ature under pressure occxirs in the even shorter interval of 
0.67 seconds. Thus, in the total brief interval of about 28 
seconds of this entire process, the most critical phenomena 
occur in the very short interval of about 3 seconds. 

15 It will be clear to one skilled in the art that 

the total interval of processing could be substantially 
shortened by employing heating methods which deliver the 
process heat more directly to the bonding layer itself 
through the incorporation of selective absorbers into the 

2 0 bonding layer, or alternatively reflectors to protect 
thermally sensitive elements, along with appropriately 
selected radiant energy sources. 

It will be equally clear to one skilled in the art 
that the short interval, thermo-chronic processing of the 

25 invention method makes it amenable to the combining of PTFE 
with other polymers in either laminating element or in a 
textile reinforcement which could suffer substantial loss of 
inherent properties if processed by more ordinary, longer 
interval processing methods. 
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CLAIM: 

1. A method for preparing a laminate comprising 
at least one layer containing polytetraf luoroethylene com- 
prising the steps of: 
5 (a) preparing a first dimensionally stable 

laminate component having two major surfaces, at least one 
of said major surfaces having an exposed layer comprising 
unfused polytetraf luoroethylene ; 

(b) preparing a second dimensionally stable 
10 laminate component having two major surfaces, at least a 

first of said major siirfaces being capable of forming an 
integral bond with the unfused polytetrafluoroethylene- 

containing layer; 

(c) bringing said first and second laminate 
15 components together so that the exposed layer comprising 

unfused polytetraf luoroethylene and the surface bondable 
with the unfused polytetraf luoroethylene-containing layer 
are in contact with each other; 

(d) applying pressure to the combined lami- 
20 nate components at moderate temperature to achieve intimate 

contact and form a mechanical bond between the first and 
second laminate components; 

(e) introducing the mechanically bonded 
laminate to a heating zone under conditions . which do not 

25 cause deleuaination ; and 

(f) sintering the mecheoiically bonded lauai- 
nate components in the heating zone to consolidiate the un^ 
fused polytetrafluoroethylene-containing layer. 



2. A method according to claim 1, wherein said 
3 0 first major surface of said second laminate component has an 
exposed layer comprising \infused polytetraf luoroethylene . 
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3. A metihod according to claim 1, wherein said 
unfused polytetraf luoroethylcne layer comprises at least 60% 
polytetraf luoroethylene by weight. 

4 . A method according to claim 3 , wherein the 
5 unfused polytetraf luoroethylene layer further comprises 

fillers. 

5. A method according to claim 3, wherein the 
unfused polytetraf luoroethylene layer further comprises up 
to 4 0% by weight of non^polytetraf luoroethylene polymers. 

10 6. A method according to claim 5, wherein the 

non-poly tetraf luoroethylene polymers are selected from the 
group consisting of f luoroelastomers, f luoroplastics , and 
hard-polymers - 

7. A method according to claim 1, wherein the 

15 laminate components are mechanically bonded at a pressure of 
from 25 to 3500 pounds per square inch at a temperature of 
less than 400 *F. 

8. A method according to claim 7, wherein lami- 
nate components are mechanically bonded at a teimperature of 

20 from 70T to 350'F. 

9. A method according to claim 1, wherein the 
mechanically bonded laminate components are free sintered. 

10. A method according to claim 1, wherein the 
process is continuo\as. 
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11- A method according to claim 1, wherein said 
first laminate component further comprises a layer of 
sintered polytetraf luoroethylene. 

A method according to claim 11, wherein the 
5 mechanically bonded laminate is free sintered. 

13. A method according to cladLm 11, wherein the 
layer of sintered polytetrafluoroethylene is in contact with 
the exposed layer of xinfused polytetrafluoroethylene. 

14. A method according to claim 13, wherein said 
10 second laminate component coa^rises a layer of a polytetra- 

fluoroethylene-coated textile. 

15- A method according to claim 14, wherein the 
textile is glass, polyaramide, or high temperature polyamide 
fabric. 

16, A method according to claim 15, wherein the 
second laminate component further comprises an exposed layer 
of unfused polytetrafluoroethylene. 

17. A method according to claim 16, wherein the 
exposed layer of unfiised polytetrafluoroethylene in the 

20 second laminate component is in contact with the polytetra- 
fluoroethylene coated textile. 



18. A method according to claim 17, wherein said 
first laminate component further comprises polyphenylene 
sulfide. 
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• to claim 15, wherein the 
A method accordxng ^ alloy layer 

:rr:r.^:-— ^^^^^ 

««-rising a blend or a v>,viene-coated textile 

compris-"-"'^ *.^s,-piuoroethyie*»'= ^ 

,„ X method according W ^ o£ 

ccmpcn^t =<»P"^"^,^„,e„ t»c alloy 

second l--^,::Tluoroe^ylene ^^=^°"tltr-c=n"ining 
^^"*"^%^°^r^fusedpclV*e^ra.luoroe«>ylen 

layer and tne " 

" . no to Claim 1. «nerain tn- 

,1 A method according " ^ ^ j.„er of a 
■naU component further ^^ccnd malor 
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surface. wherein the 

* ::::"rmarerrar IS i; contact »ith 

layer of "-refrX- ."lytetraf inoroethylene . 

exposed lay „ claim 21, wherein said 

„. A „ethod layer of a polytetra- 

^ laminate component comprise 
second lamxn textile. 
„ ,l„croethylene-coated 

. -thod «=^:n:^rtU a; exposed layer 

-risr,"^:^^^---^^^^^^ 

""^ .ing to claim 

^ laver of unfused P°ly**"**:" „ith the polytetra- 

-iP; exposed layer ^c- in contact wi^ 



^-atween the „„, !" °' least two ^ ^ll°y iav-^ 

ia^i^t.* r'**"" ^^"Wln? to clai 

, leyer ana the ™, "^^-Wene <Usp!! ^ ' ^'^^ 
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-'"ond lam^te*or^'^ """li"?' to • 

^«^e coinponejit « ^ claim i -yw 

«ent comprises a aetal ^''^^^ ^^i<3 

' »>efcal layer i* ^ccorain^ t- 

yer is afflino-si,-„^ «ingr to claim 31 

^^lane treated copper. ""^^^^^ the 

— ^-»^ate\r.T°^ ---ordin^ to clai 

selected fm™ *=°«Poi,ent further- ^ ^herei^ 

-^et««uoroe;^r- _««-le„e P^op^r^f:.::: ^ 
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34- A method according to claim 1, wherein at 
least one of said laminate components is an unreinforced 
film. 



35. A method of applying a top-coat of a material 
5 comprising polytetraf luoroethylene to a siirface which is 
capable of forming a bond with the material comprising the 
steps of: 

(a) forming a coating comprising unfused 
polytetrafluoroethylene on one major surface of a stripaible 

10 carrier; 

(b) bringing the coated carrier into contact 
with the surface to be top-coated such that the surface to 
be top-coated is in contact with the unfused polytetra- 

f luoroethyl ene ; 

15 (c) applying pressure at moderate tempera- 

ture such that a mechanical bond is formed between the 
coated carrier and the surface to be top-coated; 

(d) introducing the mechanically bonded 
laminate to an oven under conditions which do not cause 

2 0 delamination; 

(e) sintering the mechanically bonded 
lifter ial to consolidate the unfused PTFE; and 

(f) stripping off the carrier from the con- 
solidated PTFE. 

25 3 6. A method according to claim 33, wherein the 

coating comprises at least 60% by weight of polytetraf luoro- 
ethyl ene • 

37. A method according to claim 35, wherein the 
mechanical bond is formed by application of pressure of from 
30 2 to 3500 psi at a temperature of from 70 to 350*F. 
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38. A method according to claim 35, wherein the 
mechanically bonded laminate is free sintered. 

39- A laminated article prepared by the method of 

claim 1. 

40. Architectural fabrics prepared by the method 
of claim 1. 



41. Chemically resistant materials for use in 
protective garments prepared by the method of claim 1. 
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